This study focused on hospital populations which account for large amounts of health care utilization at the community level in the metropolitan area of Syracuse, New York. It demonstrated that, between the two largest hospital inpatient services, adult medicine patients accounted for a larger number of excess hospital patient days than adult surgery over a two-year period. Adult medicine stays increased while adult surgery stays declined. Adult medicine also accounted for a larger number of excess inpatient days, an average daily census of 52.7 patients in 2013, although adult medicine outliers comprised only 2.4 -2.5 percent of discharges while adult surgery patients comprised 4.4 -4.5 percent of discharges for these services. Adult medicine readmissions accounted for 79 -81 percent of these adverse events for the combined hospital during the two-year period. Adult medicine complications accounted for 60 -62 percent of complications in the two hospitals for which data were available. These data clearly demonstrate the challenges that adult medicine patients carry for providers as they attempt to improve the efficiency and outcomes of care in local communities. In the United States, payer reimbursement for the care of these patients frequently does not match the resources required as funding emphasizes surgical specialties and healthier patients. In metropolitan areas such as Syracuse, where local populations are aging or declining, the expenses of caring for these patients can become a major challenge for community providers.
Introduction
In recent years, increased attention has focused on improving the efficiency and outcomes of health care in the United States and other western nations. This development has been supported by a recognition that the quantity of care does not necessarily equate with quality and that the focus of reimbursement should shift from the volume to the value of health services [1] [2] .
Historically, rising health care expenses in the United States created incentives for improving the efficiency of care. These expenses led to the implementation of health maintenance organizations and hospital payments per discharge in the twentieth century, as well as Accountable Care Organizations and provider productivity adjustments in the twenty first century [3] . More recently, lower enrollment growth and lower utilization have been reported for some services. In recent years, the collective impact of these and other mechanisms has been associated with a reduction in the rate of growth of health care expenses in the United States [4] [5] .
In the twenty first century, the role of improving health care outcomes as a means of improving the costs and quality of care has received greater attention. The relationship between outcomes and costs has been demonstrated for indicators including hospital inpatient complications and hospital readmissions [6] . The ability of providers and payers to monitor and address these issues has been supported by the development of computer software which uses standardized definitions and administrative data. This software has made it possible to identify and monitor health care outcomes using standardized definitions over multiple providers and extended periods of time. Through use of administrative data, the software has also made it possible to follow and evaluate large patient populations [7] [8] .
At the national and regional levels, these changes have supported the development of policies and reimbursement mechanisms that encourage improvements in health care efficiency and outcomes. In the United States, these developments have represented a continuation of the leadership exerted by Medicare and other payers in health care reform and reimbursement. These have included the improvement of hospital efficiency through reimbursement by discharge and the improvement of quality of care through payment disincentives for adverse outcomes such as inpatient readmissions and complications [9] [10] .
In the United States and elsewhere, these efforts have involved the identification of patient populations most at risk of high utilization and resource use at national and regional levels. It has been estimated that 5 percent of the United States population accounts for 49 percent of total health care spending [11] . Studies conducted in Canada have demonstrated that 5 percent of health care users are associated with 61 percent of hospital and home care expenses and 30 percent of physician service expenses [12] [13] .
Addressing these challenges has required identification of populations most at risk in order to develop mechanisms to address them. Because the delivery of health care is a local process, these activities need to occur at the community level. It involves the development of planning data as well as the planning and implementation of initiatives to improve the process of care.
Population and Methods
The objective of this study was to identify inpatient populations with substantial potential for improvement of efficiency and outcomes in the hospitals of Syracuse, New York, a small metropolitan area located in upstate New York. These hospitals provide primary and secondary acute care services to a population of approximately 600,000. They also serve as the tertiary center for the eleven county Central New York Health Service area, which includes a population of approximately 1,400,000 (New York Statistical Information System, Unpublished data, 2012).
The acute care system of Syracuse includes Crouse Hospital (19,738 inpatient discharges excluding well newborns, 2013), St. Joseph's Hospital Health Center (25,771 inpatient discharges), and University Hospital of the State University of New York Upstate Medical Center (27,285 inpatient discharges). In 2011, Upstate University Hospital acquired Community General Hospital, the smallest acute care facility in the city (Hospital Executive Council, Unpublished data, 2014).
Historically, the hospitals of Syracuse have worked to improve the efficiency and outcomes of care in the community through their cooperative planning organization, the Hospital Executive Council. These efforts have included the development of programs to reduce inpatient lengths of stay through cooperation with local long term care providers and initiatives to improve the outcomes of care through reduction of inpatient complications and readmissions [14] - [17] .
Identification of Populations Related to Improvement of Hospital Efficiency
The initial component of the study focused on identification of inpatient populations in the Syracuse hospitals that could most benefit from improvement of efficiency through length of stay reduction. This process involved the use of administrative data for each of the hospitals for 2012 and 2013.
For this component of the study, the inpatient populations for each of the three hospitals were identified for adult medicine and adult surgery. In order to develop a consistent analysis across the hospitals, the services were defined by All Patients Refined Diagnosis Related Groups.
For the analysis of opportunities for efficiency, lengths of stay in the Syracuse hospitals were compared with national populations with the same distributions of discharges by severity of illness. This procedure was employed in order to ensure that differences in stays that were identified did not result from variations in the degree of illness for the inpatient populations. For this analysis, the 3M™ All Patients Refined Diagnosis Related Groups and related severity of illness categories were employed. This system identifies a severity of illness of 1-Minor, 2-Moderate, 3-Major, or 4-Extreme, based on the principal and all secondary diagnoses, the principal and all secondary procedures, as well as the demographic characteristics of each hospital inpatient.
In this component of the study, the analysis focused on adult medical and surgical patients because these services included the largest numbers of inpatient discharges and potential for efficiency. The analysis was carried out for the individual Syracuse hospitals and for the combined hospitals.
In this analysis, efficiency was quantified as the unit difference between the hospital stay for the service and the severity adjusted national average at the unit level and the number of patient days saved or excess days that the difference in stays would generate. This analysis was employed for all discharges and for discharges with stays of 21 days or more for each service. The second analysis was developed in order to evaluate the specific impact of long stay patients on efficiency.
Identification of Populations Related to Hospital Outcomes
The second component of the analysis focused on populations in the Syracuse hospitals that could benefit most from improvement of outcomes of care. This component involved hospital inpatient readmissions within 30 days. It involved the use of administrative data for 2012 and 2013.
The inpatient populations of each of the Syracuse hospitals were identified by major services including adult medicine, adult surgery, pediatrics and mental health. In order to provide consistent information across the community, the services were identified using definitions based on All Patients Refined Diagnosis Related Groups.
For the analysis of opportunities related to patient outcomes, the Syracuse hospitals and their inpatient services were compared using the Potentially Preventable Readmissions software developed by 3M™ Health Information Services. This software identified readmissions to the same hospital within 30 days of the initial discharge based on the clinical relationship between the initial admission and the readmission. Readmissions were identified by service based on the All Patients Refined Diagnosis Related Group of the readmission. This classification is based on the principal diagnosis, the cause of the readmission.
For this component of the study, numbers of Potentially Preventable Readmissions within 30 days of the previous discharge were identified for adult medicine, adult surgery, pediatrics and mental health (including psychiatry and alcohol/substance abuse) in the Syracuse hospitals for 2012 and 2013. These data included numbers of readmissions and readmission rates per discharges within each service. The analysis focused on comparisons of numbers of readmissions and rates across the hospitals.
In addition to hospital readmissions, this component of the study included a brief review of numbers of hospital inpatient complications in the Syracuse hospitals. Because of limitations on the availability of data, this analysis included two acute care facilities, St. Joseph's Hospital Health Center and Crouse Hospital.
Data for the analysis of hospital inpatient complications were identified using the Potentially Preventable Complications software developed by 3M™ Health Information Systems. This software identifies complications for a wide range of diagnoses that occur after inpatient admission using the Present on Admission indicator. In this methodology, secondary diagnoses that were not present at the time of the admission are candidates for inpatient complications.
Results

Hospital Efficiency
Data related to the first component of the analysis, which focused on hospital inpatient lengths of stay, are summarized in Table 1 and Table 2 . These data include inpatient utilization and excess patient days for adult medicine and adult surgery in the Syracuse hospitals in 2012 and 2013.
The information in Table 1 demonstrated that, between 2012 and 2013, the mean length of stay for adult medicine in the combined hospitals increased from 5.14 to 5.21 days. The 0.07 increase in the combined hospitals was offset by a 0.14 increase in severity of illness, as the adjusted national average increased from 5.00 to 5.14 days. This caused the number of excess patient days to decline from 4938 to 2385. Despite this decline, the combined hospitals generated an excess average daily adult medicine census of 6.5 patients during 2013. At the hospital specific level, adult medicine mean lengths of stay increased by 3.7 percent for Crouse Hospital and by 0.6 percent for St. Joseph's Hospital Health Center and Upstate University Hospital. When combined with severity adjusted national averages, the number of days saved increased for Crouse Hospital while the numbers of excess days declined for each of the other hospitals.
The information in Table 1 also demonstrated that, between 2012 and 2013, the mean length of stay for adult surgery in the combined Syracuse hospitals declined from 6.04 to 5.94 days. The 0.10 day decline in the combined hospital stay occurred as the severity of illness of this population rose, as the severity adjusted national average increased from 5.75 to 5.95 days. This caused a change in the hospital utilization for this service from 5927 excess days to 204 days saved. By 2013, the average daily adult surgery stay for the combined hospitals was slightly below the severity adjusted national average.
At the hospital specific level, adult surgery mean lengths of stay remained relatively constant for Crouse Hospital at 4.5 days, increased by 2.3 percent for St. Joseph's Hospital Health Center, and declined by 5.7 percent for Upstate University Hospital. These changes caused the numbers of days saved to increase at Crouse Hospital and St. Joseph's Hospital Health Center, as well as a substantial decline in the number of excess days at Upstate University Hospital.
The data in Table 2 identify hospital lengths of stay for the Syracuse hospitals for patients with the longest inpatient stays, including 21 or more days, compared with severity adjusted national averages. The data include adult medicine and adult surgery patients in 2012 and 2013.
This information demonstrates that patients with these stays included a small minority of total discharges. For adult medicine, the long stay patients included 2.4 -2.5 percent of total discharges, 1.6 -1.7 percent at Crouse Hospital, 2.1 -2.2 percent at St. Joseph's Hospital Health Center and 3.1 percent at Upstate University Hospital. For adult surgery, the long stay patients included 4.5 -4.6 percent of total discharges, 2.3 -2.7 percent at Crouse Hospital, 3.6 percent at St. Joseph's Hospital Health Center and 7.3 -7.8 percent at Upstate University Hospital.
At the same time, the long stay patients accounted for large numbers of excess patient days, compared with severity adjusted national averages. For adult medicine, these days amounted to excess days of approximately three weeks per patient. This service produced more than 19,000 excess inpatient days in each of the two years. This amounted to an average daily census of 52 -53 patients in excess days alone. For adult surgery, the excess stays were lower in each of the two years. The excess average daily census ranged from 45 to 53 patients.
Hospital Outcomes
Data related to the second component of the analysis, which focused on hospital inpatient readmissions, are summarized in Table 3 . These data include Potentially Preventable Readmissions for the individual and combined Syracuse hospitals in 2012 and 2013.
This information demonstrated that readmissions by service varied considerably among the Syracuse hospitals during the two year period, but proportions by service were relatively consistent. The largest numbers of readmissions were generated by adult medicine. This service accounted for 79.8 percent of the total for the combined services in 2012 and 81.1 percent of the combined total in 2013. At the hospital specific level, adult medicine accounted for 84 -85 percent of the total for the combined services at Crouse Hospital, 86 -87 percent of the combined service total at St. Joseph's Hospital Health Center, and 68 -72 percent of the combined service total at Upstate University Hospital.
The data also demonstrated that readmission rates varied considerably among the hospital services during the two year period. The highest rates were produced by adult medicine and mental health. At the aggregate level, these rates accounted for between one in nine and one in ten patients.
Readmission rates for adult surgery (6 percent of total discharges) and pediatrics (8 -9 percent of total discharges) were considerably lower. Readmission rates for the individual hospital services were generally consistent between the two time periods. St. Joseph's Hospital Health Center produced the highest rates for adult medicine and Upstate University Hospital produced the highest rates for mental health for both 2012 and 2013.
The large volume of adult medicine readmissions identified in the study resulted from the fact that patients who were initially admitted for this service as well as patients initially admitted for adult surgery were later readmitted for medicine diagnoses. This pattern was consistent over both time periods. Of the 3625 adult medicine readmissions for the combined Syracuse hospitals in 2012, 665, or 18.3 percent, were initially admitted for adult surgery. Of the 3632 adult medicine readmissions for the combined hospitals in 2013, 672, or 18.5 percent, were initially admitted for adult surgery.
This information, as well as a review of the principal and secondary diagnoses for patients in the study, demonstrated that adult, and especially elderly patients, generally experienced a number of secondary medical diagnoses. These secondary diagnoses were often chronic medical conditions such as heart failure and chronic obstructive pulmonary disease. In about half of the population who experienced readmissions, these medical diagnoses that were secondary on the initial admission became principal diagnoses on the readmission. Data related to the analysis of hospital inpatient complications are summarized in Table 4 . This analysis focused on numbers of secondary diagnoses identified as post admission complications for adult medicine and adult surgery in two of the Syracuse hospitals.
This information demonstrated that, for both time periods, the numbers of inpatient complications for adult medicine patients were higher than for adult surgery patients in each of the two hospitals. Numbers of adult medicine complications were 57 -58 percent of the total at Crouse Hospital and 60 -64 percent of the total at St. Joseph's Hospital Health Center. Although the complication rates were higher for adult surgery, the numbers of patients were higher for adult medicine.
Discussion
As interest in improving the efficiency and outcomes of health care has increased, considerable attention has focused on the fact that relatively small populations of health care patients generate large amounts of utilization and related expenses. Much of this research involves national or regional populations. This study focused on hospital populations which account for large amounts of health care utilization at the community level in the metropolitan area of Syracuse, New York. This perspective is important because local communities are settings for delivery of health care services. The study data demonstrated that, between the two largest hospital inpatient services, adult medicine patients accounted for a larger number of excess hospital patient days than adult surgery over a two year period. During this period, adult medicine stays increased while adult surgery stays declined. When long stay outlier patients were evaluated, adult medicine also accounted for a larger number of excess inpatient days, an average daily census of 52.7 patients in 2013, although adult medicine outliers comprised only 2.4 -2.5 percent of discharges while adult surgery patients comprised 4.4 -4.5 percent of discharges for these services.
For the outcomes indicators, the study data identified a larger preponderance for adult medicine compared with other services. Adult medicine readmissions accounted for 79 -81 percent of these adverse events for the combined hospital during the two year period. Adult medicine complications accounted for 60 -62 percent of complications in the two hospitals for which data were available.
A brief consideration of hospital populations suggests a number of reasons for these differences. Adult medicine patients typically experience larger numbers of secondary diagnoses than those in other services. As a result, their severity of illness tends to be higher. Adult medicine admissions are also usually not planned, in contrast to adult surgery and mental health admissions which are frequently scheduled. They also tend to arrive at hospitals through emergency departments. These data clearly demonstrate the challenges that adult medicine patients carry for providers as they attempt to improve the efficiency and outcomes of care in local communities. In the United States, payor reimbursement for the care of these patients frequently does not match the resources required as funding emphasizes surgical specialties and healthier patients. In metropolitan areas such as Syracuse, where local populations are aging or declining, the expenses of caring for these patients can become a major challenge for community providers.
Conclusions
As efforts to improve the efficiency of health care continue, the care of adult medicine patients within the limits of available resources may become a greater challenge. In the United States, long-stay outlier patients have already proven to be an obstacle to the financial viability of Accountable Care Organizations.
The data in this study suggest that this population may also challenge the transition from volume to outcomes in the reimbursement of health care. The higher incidence of hospital readmissions and inpatient complications associated with adult medicine in this study suggest that the transition to value-based reimbursement may not be a smooth one.
This information suggests the need for increased attention to identification of populations with increased health care requirements at the community level, where care is delivered. Such an approach can serve the interests of improving health care efficiency and outcomes by providing these patients with the kind of care that they deserve.
